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SUMMARY – Th e purpose of this study was to evaluate postoperative deturgescence of lamellar 
donor graft after conventional Descemet’s stripping automated endothelial keratoplasty (DSAEK). It 
was a prospective study that included 55 eyes of patients (mean age 70.9±9.4 years; female 61.8%, male 
38.2%). Preoperative thickness of lamella was compared with postoperative thickness six months after 
surgery. Central lamellar graft thickness decreased from 142±27 μm preoperatively to 124±20 μm 6 
months postoperatively (p<0.01). After performing conventional DSAEK corneal transplantation, 
surgeons should expect deturgescence of corneal graft and reduction in thickness of lamellae by about 
12% of initial thickness according to our results. We found this information important for better plan-
ning of surgical procedures and knowing what to expect after surgery, as well as for better cooperation 
with eye banks when ordering pre-cut corneal tissue.
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Introduction
Penetrating keratoplasty (PKP) was the gold stan-
dard of corneal transplantation in the past. Corneal 
transplantation is a procedure by which the patient’s 
blurred cornea is replaced by a clear donor cornea. 
During the past decade, new corneal transplantation 
techniques were developed. It is possible to transplant 
the inner or outer corneal layer. For the diseases of 
 corneal endothelium, which is the most inner layer of 
the cornea, PKP was replaced with lamellar endothe-
lial keratoplasty procedures. Currently, the most com-
mon endothelial keratoplasty procedures are Descemet 
membrane endothelial keratoplasty (DMEK) and Des-
cemet stripping automated endothelial keratoplasty 
(DSAEK)1. DSAEK was introduced in 2006 by Price 
and Price2 and Gorovoy3, and has become the most 
frequently performed technique for corneal endothe-
lium replacement. Compared with PKP, patients un-
dergoing DSAEK experience faster recovery of vision 
without problems of high astigmatism and open-sky 
surgery4.
Preparation of DSAEK lamellar donor graft is 
usually performed in eye banks with slightly diff erent 
procedures. Graft is pre-cut in the eye bank with auto-
mated microkeratomes because manual preparation of 
endothelial grafts proved to be a diffi  cult and time con-
suming procedure5. To date, controversial results have 
been reported regarding correlation between thickness 
of lamellar grafts and fi nal visual outcome. Some stud-
ies suggest that thinner postoperative grafts may lead 
to better fi nal visual acuity6-9. However, other studies 
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found no correlation with postoperative graft thicke-
ness and vision10-13. In an attempt to achieve better vi-
sion outcomes while obtaining the same low rates of 
postoperative complications of conventional DSAEK 
surgery, some surgeons have begun using thinner 
DSAEK grafts, requesting that eye banks produce this 
thin tissue for their use, increasing the risk of tissue 
loss for eye banks.
Futher development in DSAEK graft preparation 
is pushing towards more delicate and thinner lamellae, 
so we can describe nanothin (NT, ≤50 μm), ultrathin 
(UT, ≤100 μm) and conventional (≥100 μm) grafts14.
During development of the DSAEK method, there 
was a change in the defi nition of the method subtypes 
depending on the thickness of the lamella. Previously 
defi ned as ultrathin DSAEK were lamellae thinner 
than 130 μm, although today it is considered as being 
thinner than 100 μm6,8,14. Th ese defi nitions are accept-
ed by agreement of the surgeons and are not strictly 
defi ned, as confi rmed by the study conducted by 
Chamberlain et al., where 56% of experienced sur-
geons took lamellar thickness <100 μm as ultrathin 
and >100 μm as conventional DSAEK method15.
Th e question that is imposed is when the lamella is 
measured. Th e fi rst measurement is performed in the 
eye bank during preparation of the lamella and these 
data are available to the surgeons before surgery. Th ick-
ness of the lamellae measured in the eye bank can be 
taken to defi ne it as ultrathin or conventional DSAEK. 
In tissue bank, the lamellae are usually measured by 
ultrasound pachymetry, which is the gold standard for 
corneal thickness measurement. However, many sur-
geons measure thickness of the lamella after trans-
plantation. Ocular coherent tomography (OCT) de-
vice can measure thickness of the cornea and lamella 
with exceptional precision, and is usually used to mea-
sure cornea postoperatively. According to some au-
thors, the fi nal thickness of the lamella stabilizes four 
months after the surgery, and most of the measure-
ments performed at six months after the surgery are 
considered defi nite7,13.
Several authors found that thickness of the lamel-
lae measured in the eye bank preoperatively and post-
operatively did not correspond. It was recognized that 
after cutting, the graft underwent deturgescence and 
became thinner11,16-18.
Th e purpose of this study was to assess the correla-
tion between preoperative thickeness of the lamellae 
measured in the eye bank and fi nal postoperative 
thickness of the lamellae. Inclusion criteria were la-
mellae that met the defi nition of conventional 
DSAEK. Our interest was focused on conventional 
DSAEK because it is the most widely used method of 
endothelial keratoplasty that has also been performed 
in our eye bank.
Patients and Methods
Th is prospective study enrolled 55 eyes of patients 
having undergone DSAEK corneal transplantation. 
Inclusion criteria were corneal edema secondary to 
Fuchs endothelial dystrophy and pseudophakic bul-
lous keratopathy. Exclusion criteria were lamellar do-
nor grafts thinner than 100 μm because this tissue 
processing for ultrathin or nanothin DSAEK is diff er-
ent than for conventional standard DSAEK and it is 
not performed in our eye bank. Lamellar thickness was 
measured by anterior OCT on a Visante OCT device 
(Carl Zeiss Meditec, Jena, Germany), which is a non-
invasive, non-contact imaging method that provides a 
high micrometric resolution of eye tissue sections. It is 
analogous to ultrasound, but it uses near-infrared in-
terferometry instead of sound waves, and the image is 
created based on the analysis of interference between 
the refl ected reference waves and those refl ecting from 
the tissue.
Th e corneas are stored at the Zagreb University 
Hospital Centre Eye Bank in a medium for hypother-
mic storage and tissue culture media. Th e corneas can 
be prepared for lamellar keratoplasty after storage in 
both types of media. Corneas can be stored in a hypo-
thermic storage medium at a temperature of 4 °C for a 
maximum of 7 days, and are prepared for lamellar ker-
atoplasty before the planned operation. Most of the 
corneas are kept in tissue culture medium at a tem-
perature of 31 °C for a maximum of 28 days. During 
storage in tissue culture, the medium is microbiologi-
cally controlled and at end of storage the endothelial 
cell viability and morphology is estimated. Th e cornea 
becomes much thicker during storage in tissue culture. 
To return to the physiological thickness, it must be 
stored in transport medium containing dextran for at 
least 24 hours before preparation for lamellar kerato-
plasty. Due to the short corneal validity in the trans-
port medium (depending on the manufacturer, Alche-
my 5 days, Eurobio 4 days), the cornea is placed in 
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transport medium only when it is assigned to the par-
ticular patient. Transport medium is kept until the 
third microbiological control, which is taken in the 
incubator at 31 °C. After taking the microbiological 
control, it is kept in the thermostat at 22 °C until re-
lease.
Th e procedure of preparing the cornea for lamellar 
keratoplasty is performed by specially trained staff 
members using the automatic microkeratome (Gebau-
er Slc Original, Neuhausen, Germany). Th e cornea is 
placed in the artifi cial eye chamber fi lled with corneal 
storage medium to preserve the endothelial cell viabil-
ity. Th e epithelium of the cornea is removed to make 
the cut as regular as possible. Central corneal thickness 
is measured by ultrasound pachymetry (Pachette 4 
DGH555B, DGH Technology, Exton, USA). At least 
5 measurements are performed centrally and the mean 
value is calculated. Applanation of donor cornea is 
performed and diameter of the lamella (depending on 
the cornea, 9-10 mm) is determined. Due to the ten-
dency of corneal dehydration, thickness of the cornea 
is measured again and appropriate knife size for cut-
ting is chosen according to the lamella target thick-
ness. Th e permissible variation of the knife, which is 30 
μm, should be considered. Immediately after cutting, 
thickness of the lamella is measured with ultrasound 
pachymetry. Th e cornea is carefully removed from the 
artifi cial eye chamber and stored in transport medium 
for delivery to transplantation center.
All surgeries were performed by two surgeons un-
der general anesthesia. After successful conventional 
DSAEK transplantation, patients were examined 
postoperatively at Department of Ophthalmology, 
Zagreb University Hospital Centre; fi nal measure-
ment of corneal and lamellar thickness was performed 
by anterior OCT six months after surgery. Preopera-
tive and postoperative lamellar thickness was com-
pared.
Th e study was approved by the local Ethics Com-
mittee and all patients signed the informed consent 
form to take part in the study.
Statistics
Microsoft SPSS statistical package for Windows 
was used. Results were expressed as mean and standard 
deviation (SD). Diff erences between the groups were 
tested by Student’s T-test. Th e level of statistical sig-
nifi cance was set at p<0.05.
Results
Th e study included 55 eyes of patients having un-
dergone DSAEK, mean age 70.9±9.4 (range 48 to 87) 
years. Th ere were 61.8% (n=34) of female patients and 
38.2% (n=21) of male patients. Central graft thickness 
before surgery measured by ultrasound pachymetry 
ranged from 110 to 198 μm, mean 142±27 μm. Central 
graft thickness six months after surgery measured by 
anterior OCT ranged from 100 to 187 μm, mean 
124±20 μm. Statistical analysis of the mean lamellar 
values measured before and after surgery yielded a sta-
tistically signifi cant diff erence in the thickness of the 
lamellae before and after the surgery (t=5.148, p<0.01), 
i.e. the subjects had a statistically signifi cantly greater 
thickness of the lamellae before the surgery (M=142.16) 
compared to thickness after the surgery (M=123.93) 
(Table 1).
Table 1. T-test for central lamellar thickness before 









We evaluated corneal deturgescence after conven-
tional DSAEK by comparing preoperative and post-
operative central lamellar thickeness. Lamellar thick-
ness measurement taken six months after conventional 
DSAEK surgery revealed the mean 12% deturges-
cence of lamellae.
Discussion
Many corneal surgeons require accurate measure-
ment of corneal grafts from the eye banks. Th ere have 
been many studies related to visual outcomes regard-
ing lamellar thickness and defi nite visual outcome, but 
the results are still controversial6-13. One of the possible 
reasons for the controversy may be errors in measuring 
lamellar thickness before surgery. Th erefore, accurate 
measurement could provide valuable information for 
surgeons.
Corneal deturgescence begins immediately after 
cutting, as demonstrated by Tang et al. Th ey showed 
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that DSAEK grafts became thinner after microkera-
tome cut from 189 μm immediately after cutting to 
148 μm after four hours. Th erefore, they suggest that 
DSAEK graft thickness should be measured at 1.5-3 
hours after microkeratome cut16 (Table 2).
Th e probable cause of lamellar swelling after cut-
ting is irrigation of balanced salt solution (BSS) for 
cleaning the graft, and may even be greater with re-
moval of epithelium, which is also usually performed 
before cutting. Th ere are numerous techniques of tis-
sue cutting, epithelium removal and transport media 
used, which can aff ect tissue thickness. Our study 
compared lamellae of >100 μm defi ned as a standard 
conventional DSAEK procedure, which is performed 
in our institution and in our eye bank. Tissue process-
ing for ultrathin DSAEK is diff erent than for conven-
tional DSAEK, which includes a double cut micro-
keratome technique, a femtosecond laser technique 
and a high-pressure single cut microkeratome tech-
nique17.
It is recognized that after cutting and transplanting 
the graft into the eye, the graft undergoes deturges-
cence and becomes thinner. Di Pascuale et al. report 
that the mean graft thickness decreased from 243 μm 
on day 1 postoperatively to 148 μm at the last visit, 
stabilizing approximately six months after the surgery. 
In their study, 39% thinning was recorded11. Even with 
thinner grafts, as in the study by Romano et al., with 
the mean post-cut thickness of 83 μm, the mean thick-
ness decreased to 70 μm at 3 months postoperatively, 
with the mean 15% thinning18. Woodward et al. report 
on deturgescence from 199 μm preoperatively to 165 
μm postoperatively, with the mean thinning of 17%19. 
Th e above mentioned studies show that thicker grafts 
undergo greater deturgescence than thinner grafts. 
Results of our study showed deturgescence from 142 
μm to 124 μm, with the mean 12% thinning (p<0.01). 
It was somewhat lower than in other studies, which 
can be explained by diff erent methods of measurement 
with preoperative ultrasound pachymetry and more 
precise anterior OCT postoperatively. A similar study 
was conducted by Woodward et al.19 on 64 eyes with 
the same measurement methods, and our results are 
consistent with their fi ndings.
In conclusion, after performing conventional 
DSAEK corneal transplantation, surgeons should ex-
pect deturgescence of corneal graft and reduction in 
thickness of lamellae by about 12% of initial thickness 
according to our study. We found this information im-
portant for better planning of surgical procedures and 
knowing what to expect after surgery, as well as for 
better cooperation with eye banks when ordering pre-
cut corneal tissue.
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Sažetak
POSLIJEOPERACIJSKO SMANJIVANJE DEBLJINE DONORSKE ROŽNIČNE LAMELE 
NAKON KONVENCIONALNE STRAŽNJE SLOJEVITE TRANSPLANTACIJE ROŽNICE
A. Meter, T. Kuzman, M. Kalauz, I. Škegro, S. Masnec i J. Pavan
Svrha ovoga istraživanja bila je procjena poslijeoperacijske deturgescencije donorske rožnične lamele nakon konvencio-
nalne stražnje slojevite transplantacije rožnice (engl. Descemet’s stripping automated endothelial keratoplasty). U ovu prospektiv-
nu studiju bilo je uključeno 55 očiju bolesnika (srednja dob 70,9±9,4 godina; žene 61,8%; muškarci 38,2%). Prijeoperacijska 
debljina lamele uspoređena je s poslijeoperacijskom debljinom šest mjeseci nakon transplantacije. Centralna debljina donor-
ske lamele smanjila se s prijeoperacijskih 142±27 μm na 124±20 μm šest mjeseci nakon operacije (p<0,01). Prema rezultatima 
očekivano stanjivanje donorske rožnične lamele nakon konvencionalne stražnje slojevite transplantacije iznosilo je u prosjeku 
12% od početne debljine. Smatramo da je taj podatak važan zbog boljeg planiranja operacijskog zahvata stražnje slojevite 
transplantacije rožnice i preciznijeg naručivanja rožničnog tkiva iz očne banke.
Ključne riječi: Keratoplastika; Rožnica; Rožnica, pahimetrija; Tomografi ja, optička koherentna
